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ABSTRACT
Multivariate Analysis of Variance (MANOVA) of 16 
morphometric characters of summer flounder (Paralichthys 
dentatus) shows a highly signficant difference (p = 0.0001) 
between samples representing proposed Mid-Atlantic and 
Trans-Hatteras stocks. The Atlantic States Marine Fisheries 
Commission's Fishery Management Plan for Summer Flounder 
currently recognizes the contribution of only one stock to 
these fisheries. The implications of this study for State 
and Federal fishery management are discussed.
v
MORPHOMETRIC AND MERISTIC STOCK IDENTIFICATION 
OF SUMMER FLOUNDER (PARALICHTHYS DENTATUS)
2INTRODUCTION
Paralichthys dentatus (Linnaeus), is a pleuronectiform 
of the family Bothidae (Smith, 1894; Ginsburg, 1952; 
Hildebrand and Schroeder, 1928). Common names of this 
species are flounder, summer flounder and fluke. At least 
seventeen species have been recognized in the genus 
Paralichthys (Ginsburg, 1952). Five of these species are 
endemic to the western North Atlantic including P. 
lethostiqma and P. albigutta which are most similar to P. 
dentatus. Although not generally differentiated by the 
fishing industry, Ginsburg (1952) provides a morphometric 
and meristic basis for the separation of these sympatric 
species.
A continuous population of P. dentatus supports directed 
commercial and recreational fisheries from Cape Cod, 
Massachusetts to Cape Fear, North Carolina (Marshall, 1978; 
DuPaul and Baker, 1979). Occasional reports of P. dentatus 
have occurred from Maine, Nova Scotia, Florida, and Texas 
(Hildebrand and Schroeder, 1928; Gutherz, 1967; Leim and 
Scott, 1966; Poole, 1962), however, the report from Texas 
(Poole, 1962) is probably P. albigutta.
Paralichthys dentatus spawns during adult migrations to 
offshore or southern wintering grounds. The timing and 
pattern of such migrations vary with latitude (Scarlett, 
1982). From September through December, P^ dentatus spawns 
primarily north of the Chesapeake Bay, and from November
3through February peak spawning activity is reported to 
progressively shift southward toward Cape Hatteras and Cape 
Fear, North Carolina (Smith et al., 1975? Smith, 1973). 
Spawning is followed by an onshore drift of planktonic eggs 
and larvae and the migration of demersal post-larvae to 
coastal nursery grounds from October to May (Westman and 
Neville, 1946; Poole, 1962; Hamer and Lux, 1962; Murawski, 
1970; Williams and Deubler, 1968). Due to the length of the 
spawning season, some juveniles are reported to enter the 
fall migration at the end of their first year while the 
remainder migrate as adults in the fall of their second year 
(Smith and Daiber, 1977; Wilk et al., 1977). Adults are 
reported to return to the same coastal area each summer 
(Poole, 1962? Hamer and Lux, 1962), although Murawski (1970) 
reports a progressive shift to the northeast with each 
successive summer migration.
In 1982, the Atlantic States Marine Fisheries Commission 
(ASMFC) issued the "Fishery Management Plan for Summer 
Flounder" prepared by the State/Federal Summer Flounder 
Management Program under contract between the New Jersey 
Division of Fish, Game and Wildlife and the National Marine 
Fisheries Service (Scarlett, 1982). The ASMFC plan 
recognizes one stock of Pj_ dentatus in the Mid-Atlantic 
Bight (MAB) and calls on the Atlantic States to adopt 
uniform fishery management regulations throughout the range 
of the species. Furthermore, the Mid-Atlantic Fishery 
Management Council (MAFMC) is currently preparing a fishery
4management plan for summer flounder pursuant to the Magnuson 
Fishery Conservation and Management Act of 1976 (16 USC 1801 
et seq.). Although the MAFMC plan will apply to fisheries 
in Federal waters, it is based on the same assumptions and 
data as the ASMFC state plan.
Some tagging studies support the contention that only 
one stock of P. dentatus inhabits the MAB (Chang and 
Pacheco, 1976; Henderson, M.S., 1979). Furthermore, Wilk et 
a l . (1980) conducted a morphometric analysis of P. dentatus 
collected from New York to Florida and Ginsburg (1952) and 
Smith and Daiber (1977) performed racial analyses using 
meristics. Conclusions from these studies were that two 
stocks exist throughout the range of this species; one north 
and one south of Cape Hatteras.
Other evidence suggests that two stocks may contribute 
to the fisheries in the MAB. For example, tagging studies 
have shown that adult fish which summer in the coastal 
waters of New Jersey and New York migrate south and offshore 
to the edge of the continental shelf in the fall where an 
extensive winter trawl fishery developed during the early 
1960's (Poole, 1962; Westman and Neville, 1946; Hamer and 
Lux 1962, Murawski, 1970). Of the fish tagged in these 
studies north of Cape May, New Jersey, 4.8% were recaptured 
in the offshore winter trawl fishery as far south as 
Virginia yet a very small percentage (0.3%) of these fish 
were taken from inshore waters south of Maryland. In 
contrast, an extensive inshore trawl fishery for P. dentatus
5has developed in inshore waters of approximately 20 m depth 
along the coasts of Virginia and North Carolina. Fishing 
effort progresses in a southward direction along the 20 m 
contour from north of Cape Hatteras in October and November, 
to south of the Cape in January and February. Large numbers 
of these fish were tagged in the fall and winter of 1973 and 
1974 (Gilliken, in prep.). Excluding immediate recaptures, 
92% were from coastal and estuarine waters of North Carolina 
and Virginia, including the Chesapeake Bay. Only 8% of the 
returns occurred north of Maryland with only one fish 
recaptured in the winter. Most notably, no returns have 
come from the offshore winter trawl fishery.
Furthermore, Smith (1973) hypothesized that three 
separate spawning populations of P. dentatus exist based on 
egg and larval distribution studies;
"One segment of the species appeared to spawn 
principally north of Delaware Bay, a second from 
Virginia to Cape Hatteras and a third, south of 
Cape Hatteras."
Most recently, Van Housen (1984) performed an 
electrophoretic analysis of selected P^ _ dentatus tissues 
that, although inconclusive, suggests a genetic distinction 
between samples taken from the southern coast of North 
Carolina and the edge of the continental shelf in the MAB.
The findings of Poole (1962), Westman and Neville 
(1946), Hamer and Lux (1962), Murawski (1970) Smith (1973), 
Gilliken (in prep.) and, to some extent, Van Housen (1984)
6all support the hypothesis that two stocks of P. dentatus 
with distinct migratory and spawning behavior inhabit the 
MAB. As proposed by this study, one "Mid-Atlantic" stock 
appears to winter on the outer continental shelf, 
particularly off the coasts of Maryland and Virginia, and 
return to coastal and estuarine waters from Virginia to Cape 
Cod during summer months. Further proposed is a second or 
"Trans-Hatteras" stock that appears to summer in the 
Chesapeake Bay and other coastal waters of North Carolina, 
Virginia and Maryland but, instead of moving offshore, 
migrates south in the fall following the coastline at the 
20m contour.
Since P. dentatus spawns during fall migrations which 
appear to geographically separate the two proposed stocks, 
significant reproductive isolation may occur. If the stocks 
are reproductively distinct, they may exhibit different 
population dynamics. In fact, evidence does indicate that 
the population dynamics of P^ dentatus vary over its range 
(Chang and Pacheco, 1976; Powell, 1974; Gilliken, in prep.). 
If separate stocks exhibiting different population dynamics 
contribute to the fisheries of the MAB, uniform management 
provisions may be invalid on both legal and resource 
management bases.
The present study was designed to evaluate whether 
separate stocks of P. dentatus contribute to the fisheries 
of the MAB. Morphometric and meristic characters were used 
to test whether samples taken from the proposed "Mid-
7Atlantic stock" differed significantly from samples taken 
from the proposed "Trans-Hatteras stock." Additionally, 
this study evaluates the relationship of samples taken from 
the Chesapeake Bay, V a . to samples representing the proposed 
stocks.
8METHODS AND MATERIALS
Sample Collection
Two distinct samples were necessary for this study. The 
first was taken throughout the range of the species during 
the winter when the proposed stocks are presumed to be 
geographically separated according to their respective 
migration patterns. This sample was collected during the 
1981 National Marine Fisheries Service winter-spring 
groundfish survey which employed a stratified random design 
based on depth and latitude (Clark and Brown, 1977)
(Appendix 1). Four hundred and thirteen specimens 
representing a wide size range were collected from 92 
stations and frozen for subsequent analysis (Fig. 1). 
According to the geographic distribution of this sample, 198 
specimens were assigned to represent the proposed 
Mid-Atlantic stock and 215 specimens were assigned to 
represent the proposed Trans-Hatteras stock.
A second sample was taken from the Chesapeake Bay, 
Virginia during July, August and September 1981; the period 
when the proposed stocks are presumed to mix in coastal and 
estuarine waters (Fig. 1). This sample was collected during 
surveys conducted by the Virginia Institute of Marine 
Science (VIMS). Two hundred and two specimens representing 
a wide size range were collected and frozen for subsequent 
analysis.
9Figure 1. Location of samples used in this study. Numbers 
correspond to NMFS winter-spring groundfish 
survey stations (Appendix 1).
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Morphometries and Meristics
All specimens were analyzed for 16 morphometric and 6 
meristic characters (Table 1, 2). Gill raker counts on the 
epibranchial and ceratobranchial arches of the first gill 
raker were performed visually. All other meristic data were 
obtained from radiographs made with a Torr X-ray unit on 
Kodak Industrial "M" type film. All morphometric 
characters were measured with dial calipers or with dividers 
and steel rule on the ocular side of the specimens.
A number of studies have indicated that the morphology 
and meristic characters of certain species are labile to 
environmental conditions such as temperature, salinity and 
oxygen content during a short "sensitive" period of 
embryonic or larval development (Barlow, 1961). However, 
Musick (1973) illustrated that meristics can be very 
valuable taxonomic tools when used together with 
morphometries. Furthermore, Smith and Daiber (1977) 
reported that age made no significant difference in the 
meristic character evaluation of 7 different year classes of 
P. dentatus. Presumably, the environmental conditions 
affecting the early development of those 7 year classes 
varied from year to year. If the meristics of P. dentatus 
were phenotypically plastic, Smith and Daiber should have 
found a significant difference among those 7 year classes. 
Statistical Analyses
The Chesapeake Bay sample and the samples representing 
the proposed Mid-Atlantic and Trans-Hatteras stocks were
11
Table 1. Morphometric Character Descriptions
Total Length 
Standard Length 
Body Depth
Body Width 
Maxilary 
Premaxilary 
Operculum 
Anterior Dorsal
Anterior Ventral
Interorbital 
Dorsal Length
Dorsal Width
Ventral Length
Ventral Width
Dorsal Base 
Ventral Base
tip of snout to posterior 
margin of caudal fin
tip of snout to base of 
caudal fin
greatest distance between 
anal and dorsal fins 
perpendicular to lateral 
line
thickness of specimen at 
base of pectoral fins
tip of snout to posterior 
margin of maxilary
tip of snout to 
premaxilary union
tip of snout to posterior 
margin of operculum
tip of snout to anterior 
margin of dorsal eye 
socket
tip of snout to anterior 
margin of ventral eye 
socket
distance between dorsal 
and ventral eye sockets
distance between anterior 
and posterior margins of 
dorsal eye socket
distance between dorsal 
and ventral margins of 
dorsal eye socket
distance between anterior 
and posterior margins of 
ventral eye socket
distance between dorsal 
and ventral margins of 
ventral eye socket
tip of snout to base of 
first dorsal fin ray
tip of snout to base of 
first anal fin ray
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Table 2. Meristic Character Descriptions
EGR = Epibranchial Arch Gill Raker Count on First Gill
Raker
CGR * Ceratobranchial Gill Raker Count on First Gill
Raker
DFR = Dorsal Fin Rays
AFR = Anal Fin Rays
AV = Anterior Vertebrae
CV = Caudal Vertebrae
treated as three separate groups for statistical comparison. 
Based on the findings by Smith and Daiber (1977) and Wilk et 
al. (1980) that sex made no signficant difference in 
meristic or morphometric character evaluations the samples 
were not separated by sex. The three groups were compared 
using Multivariate Analysis of Variance (MANOVA) in separate 
tests of morphometries and meristics (Pimentel, 1979; 
Tatsuoka, 1971). To account for an expected proportionality 
between the mean and the variance of morphometric 
characters, all morphometric data was first transformed to 
log1Q (Buchannon-Wollaston, 1936; Mottley, 1941). MANOVA 
tests the interrelation among the means of a collection of 
variables, or mean vectors, rather than the mean of each 
variable individualy as in univariate Analysis of Variance 
(ANOVA). Thus, the complete null hypothesis tested in this 
study is that the mean vectors of morphometric characters 
and of meristic characters are the same for the three 
groups.
The MANOVA model assumes that dependent variables have a 
multivariate normal distribution with the same 
variance-covariance matrix in each group. If dependent 
variables have a multivariate normal distribution, each one 
considered individually must be normally distributed.
Visual inspection of stem-and-leaf plots and probability 
plots of each dependent variable confirmed the univariate 
normality assumption in the present study. Some caution 
should be exercised since variables that are normally
14
distributed individually will not necessarily have a 
multivariate normal distribution when considered together 
(Norusis, 1985). Further, because MANOVA assumes a 
multivariate normal distribution, the model is appropriate 
only when dependent variables are correlated. Bartlett's 
Test of Sphericity provides a test for such correlation 
based on the determinant of the within cells correlation 
matrix (Norusis, 1985? Pimentel, 1979). The test was used 
in the present study to test the null hypotheses that the 16 
morphometric variables are not correlated and that the 6 
meristic characters are independent as well. The results of 
Bartlett's Test of Sphericity provide strong evidence to 
reject both null hypotheses and, thereby, justify use of the 
MANOVA model (Table 3).
Both univariate and multivariate procedures exist for 
testing the homogeneity of variance in MANOVA comparisons. 
Cochrans C test and the Bartlett-Box F test were used in the 
present study to consider each variable individually 
(Norusis, 1985? Snedecor and Cochran, 1980). The results of 
these univariate tests indicate that, with the exception of 
meristic Ceratobranchial gill raker (CGR) and, possibly, 
meristic Anal Fin Rays (AFR), there is strong evidence to 
reject the hypothesis that the variances of the dependent 
variables are equal in each of the three groups (Table 4). 
Furthermore, Box's M test provides a multivariate procedure 
for testing the homogeneity of dispersion matrices (Norusis, 
1985? Pimentel, 1979). The test is based on the
15
Table 3, Results of Bartlett's Test of Sphericity for
Morphometries and Meristics
MORPHOMETRICS
Determinant 0.0000
Bartlett's Test of Sphericity 36265.6077 with 120 d.f.
Significance (Chi-Square) p < 0.0001
MERISTICS
Determinant
Bartlett's Test of Sphericity 
Significance (Chi-Square)
0.62372 
287.55932 with 15 d.f.
p < 0.0001
16
Table 4. Results of Univariate Homogeneity of Variance
Tests for Morphometries and Meristics
Cochrans C 
P at (204,3)d.f .
Bartlett-Box F 
P at (2,840372) d.f.
MORPHOMETRICS
TL <0.001 <0.001
SL <0.001 <0.001
BD 0.001 <0.001
BW 0.014 <0.001
MX <0.001 <0.001
PR <0.001 <0.001
OP <0.001 <0.001
AD <0.001 <0.001
AV <0.001 <0.001
I 0.011 <0.001
DL 0.005 <0.001
DW 0.002 <0.001
VL 0.002 <0.001
VW <0.001 <0.001
DB <0.001 <0.001
VB 0.001 <0.001
Cochrans C Bartlett-Box F
P at (204,3)d.f . P at (2,840372) d.f.
MERISTICS
EGR 0.045 0.033
CGR 0.982 0.904
DFR 0.001 <0.001
AFR 0.343 0.386
AV <0.001 <0.001
CV <0.001 <0.001
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determinants of the variance-covariance matrices within each 
group as well as the pooled variance-covariance matrix. The 
results of this test provide further evidence of the lack of 
homogeneity of variance of the dependent variables among the 
three groups (Table 5).
The results of this study should be considered with 
a certain degree of caution due to the apparent violation of 
the MANOVA homogeneity of variance assumption. However, 
recent evaluations of both the ANOVA and MANOVA models have 
indicated the robust nature of these models when using large 
and equal or near equal sample sizes (Neter, et al. 1985; 
Pimentel, 1979). The sizes of the Trans-Hatteras, 
Mid-Atlantic and Chesapeake Bay samples in the present study 
were 215, 198 and 202, respectively; both large and nearly 
equal. Therefore, the lack of homoscedasticity among the 3 
samples should not affect the validity of the MANOVA model 
as used in this study.
Whenever the complete three group null hypothesis was 
rejected in the present study, the source of the rejection 
was further investigated by performing the three possible 
pairwise MANOVA comparisons. General caution against Type 1 
errors should always be exerted when performing multiple 
comparisons of this nature (Snedecor and Cochran, 1980). In 
1935, Fisher commented,
"When the z test (F test) does not 
demonstrate significance, much caution should 
be used before claiming significance for
18
Table 5. Results of Multivariate Homogeneity of Variance
Tests for Morphometries and Meristics
MORPHOMETRICS
Box's M 930.82384
F with (272,974105) d.f. 3.29844, p
Chi-Square with 272 d.f. 897.43551, p
MERISTICS
< 0.001 
< 0.001
Box's M
F with (42,1102071) d.f. 
Chi-Square with 42 d.f.
133.17521
3.12674, p < 0.001 
131.32815, p < 0.001
19
special [multiple] comparisons."
However, rejection of the complete null hypothesis has 
been shown to provide protection against Type 1 error as in 
the analogous case of the Protected Least Significant 
Difference (LSD) method preferred in univariate analyses 
(Carmer and Swanson, 1973). The present study achieved 
further protection from multiple comparison problems by 
performing tests at a conservative level of significance. 
Significance was considered in the present study only when 
the observed level of significance (P) was less than or 
equal to 0.001. Finally, the probability of Type 1 error in 
multiple comparisons is directly proportional to the number 
of comparisons made. The present study involved only three 
2-group comparisons, thus, the multiple comparison impact 
should be at a minimum.
This study presumes that during summer the proposed 
Mid-Atlantic and Trans-Hatteras stocks mix in some 
proportion in the coastal waters of Virginia. This stock 
mixture is represented in the present study by the
Chesapeake Bay sample. Three methods were used to
subjectively evaluate the relative contribution of the two 
proposed stocks to the fisheries in the Chesapeake Bay. 
First, univariate F tests were performed on each variable 
according to Norusis (1985). The number of variables 
contributing to the differences between the Chesapeake Bay 
sample and the Trans-Hatteras stock sample and, between the
Chesapeake Bay sample and the Mid-Atlantic stock sample were
20
compared. The lower the number of contributing variables, 
the greater was considered the degree of stock contribution 
to the Chesapeake Bay sample. The value of this approach 
may be limited by the probability of allometric growth in 
this species.
To account for expected allometric expression in P. 
dentatus, all morphometric characters (M) were regressed on 
standard length (SL) within each group according to l o g ^ M  
= a + b (log^Q SL). Table 6 presents the coefficients of 
determination that justify use of the regression model for 
each morphometric. Thus, a series of 15 morphometric 
regression models served as the second basis for evaluating 
the relative affinity of the Chesapeake Bay sample to the 
two proposed stock samples. An F-statistic was used 
according to Kleinbaum and Kupper (1978) to compare the 
linear descriptions of each morphometric character of the 
Chesapeake Bay sample to the proposed Mid-Atlantic stock 
sample, and of the Chesapeake Bay sample to the proposed 
Trans-Hatteras stock sample. As before, the lower the 
number of morphometric linear descriptions that indicated 
coincidence (shared slope and intercept), the greater was 
considered the degree of stock contribution to the 
Chesapeake Bay sample•
The last method used in this study to evaluate the 
relationship between the Chesapeake Bay sample and the two 
proposed stocks was the comparison of the Mahalanobis* 
(Generalized) Distances (D2 ) between the multivariate
21
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Table 6. Coefficients of Determination (r^) of Morphometric 
Regressions on Standard Length (SL)
Morphometric r2 of Regression on SL
TL 0.997
BD 0.989
BW 0.953
MX 0.981
PR 0.988
OP 0.990
AD 0.968
AV 0.976
I 0.947
DL 0.958
DW 0.884
VL 0.936
VW 0.944
DB 0.958
VB 0.973
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descriptions of the Chesapeake Bay sample and each of the 
two proposed stocks. Mahalanobis' Distance provides a 
measure of the standardized distance in discriminant space 
between the centroids of two multivariate distributions 
(Mahalanobis, 1936; Marascuilo and Levin, 1983).
Although there is no absolute test for significance of
2
D , the further apart the centroids are, the greater is the
2 . . .value of D and the ability to discriminate between two
stocks. Thus, the D procedure provides a subjective basis 
for evaluating the degree of similarity between each of the 
proposed stock samples and the Chesapeake Bay sample.
Finally, the three identical tests that were applied to 
evaluate the relative contribution of the proposed 
Trans-Hatteras and Mid-Atlantic stocks to the Chesapeake Bay 
sample were also applied to further evaluate the 
relationship between the two proposed stock samples.
23
RESULTS
The distribution of the morphometric and meristic 
characters within the Chesapeake Bay, Trans-Hatteras stock 
and Mid-Atlantic stock samples are shown in Appendix 2, 3. 
The data describing standard length (SL) indicate that there 
are differences among the size distributions of the three 
samples. Although these differences are not great, some 
caution should be exercised since any subsequent statistical 
differences found among the groups may reflect the expected 
allometric expression of growth in this species.
The results of MANOVA tests of the complete null 
hypothesis indicated that the mean vectors of the three 
groups were significantly different (Table 7). The analysis 
of morphometric data provided strong evidence to reject the 
complete null hypothesis (P < 0.001). In contrast, the 
MANOVA analysis of meristic data did not provide evidence to 
reject the complete null hypothesis (P = 0.1023), therefore, 
no further analysis of meristic data was conducted. Four of 
the meristics chosen for this study (EGR, CGR, AV and CV) 
had maximum counts of 30 or less which is often not an 
adequate number for use in discriminating species, much less 
stocks. The remaining two meristics, AFR and DFR were found 
by Ginsburg (1952) to be useful in separating Paralichthys 
congenerics, but also may not be adequate to discriminate at 
the stock level. Scale counts may provide the singular 
alternative for future meristic analyses of P. dentatus
24
Table 7i Results of Complete and Pairwise MANOVA Tests of 
Null Hypotheses for Morphometries and Meristics. 
Group 1 represents the proposed Mid-Atlantic stock 
sample, Group 2 the proposed Trans-Hatteras stock 
sample, and Group 3 the Chesapeake Bay sample.
MORPHOMETRICS
Group Comparisons F d.f.
1-2-3
(complete null hypothesis) 17.86 (32,1194)
1-2 10.60 (16,396)
1-3 21.57 (16,383)
2-3 23.74 (16,400)
MANOVA 
Wilks' Criterion
P < 0.0001 
P = 0.0001 
P = 0.0001 
P = 0.0001
Group Comparisons 
1-2-3
MERISTICS
d.f.
1.36 (12,1214)
MANOVA 
Wilks' Criterion
P = 0.177 NS
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stock composition since they are yet to be reported in the 
literature for this purpose.
Table 7 also presents the results of multiple MANOVA 
tests of the three a-posteriori 2-group comparisons of 
morphometric mean vectors. Each pairwise comparison 
provided strong evidence to reject the null hypothesis that 
the morphometric mean vectors did not differ signficantly (P 
= 0.001). Thus, the proposed Mid-Atlantic and Trans- 
Hatteras stock samples were found to be significantly 
different from each other and the Chesapeake Bay summer 
sample was found to be significantly different from both of 
the proposed stocks.
The univariate (F test) comparisons between the 
Chesapeake Bay sample and the two proposed stock samples 
indicated that 14 morphometric characters contributed to the 
differences previously found between the Chesapeake Bay and 
Trans-Hatteras stock samples in the MANOVA analyses, while 
only 9 contributed to the Chesapeake Bay/Mid-Atlantic stock 
sample difference (Table 8). This evidence suggests that 
the Chesapeake Bay sample is more similar to the proposed 
Mid-Atlantic stock sample than to the proposed 
Trans-Hatteras stock sample. Furthermore, the same 
comparisons between the proposed Mid-Atlantic stock and 
Trans-Hatteras stock samples indicated that all 16 
morphometric characters contributed to the difference 
previously found between these samples in the MANOVA 
analysis. These results suggest that the difference between
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Table 8 Test results of the relative contribution of the 
proposed Mid-Atlantic and Trans-Hatteras stocks to 
the Chesapeake Bay using morphometries.
COMPARISON
Morphometries 
contributing to 
difference 
(univariate F-test)
Mid-Atlantic Chesapeake Bay Chesapeake Bay
to to to
Trans-Hatteras Mid-Atlantic Trans-Hatteras
TL, BD, BW, MX 
PR, OP, AD, AV, 
I, DL, DW, VL, 
VW, EB, VB, SL
TL, BD, MX, PR, 
OP, AD, I, VB, 
SL
TL, BD, BW, MX, 
PR, OP, AD, AV, 
I, DL, DW, VL, 
SL
Morphometries DL, DW, VL, VW, BW, OP, AV, I, TL, BW, AV, I,
contributing to EB, VB DL, EW, VL, VW, DL, VB
difference EB, VB
(as regressed on SL)
Mahalanobis1 ~
Distance (D ) 1.70773 3.58672 3.78386
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the two proposed stock samples is greater than the 
differences between the Chesapeake Bay sample and either of 
the two proposed stock samples.
Comparison of the morphometric linear descriptions 
(regression on SL) contributing to the differences 
previously found between the Chesapeake Bay sample and the 
two proposed stock samples in the MANOVA analyses indicate 
that 10 morphometric linear descriptions contributed to the 
difference between the Chesapeake Bay and Mid-Atlantic stock 
samples, while only 6 morphometric linear descriptions 
contributed to the difference between the Chesapeake Bay and 
Trans-Hatteras stock samples (Table 8). Contrary to the 
first set of univariate tests, this evidence suggests that 
the Chesapeake Bay sample is more similar to the 
Trans-Hatteras stock sample. However, the same comparisons 
between the proposed Mid-Atlantic and Trans-Hatteras Stock 
samples indicated that only 6 morphometric characters 
contributed to the difference previously found between these 
samples in the MANOVA analysis. These results suggest that 
the similarity between the two proposed stock samples is 
greater than between the Chesapeake Bay and the Mid-Atlantic 
stock sample, but is the same as between the Chesapeake Bay 
and the Trans-Hatteras stock sample.
The results of the determination of the Mahalanobis' 
o
Distances (D ) between the Chesapeake Bay sample and the two 
proposed stocks indicated that the distance between the 
Chesapeake Bay sample and the proposed Trans-Hatteras sample
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o
(D = 3.78368) was only slightly greater than that between 
the Chesapeake Bay and proposed Mid-Atlantic Stock samples
(D = 3.58672). Subjective interpretation of this evidence
2
indicates that there is no difference between the D of the 
two comparisons. In other words, the multivariate 
distribution of the Chesapeake Bay sample appears to be 
equally distant and different from either of the proposed 
stock samples. However, the measure of D between the 
Mid-Atlantic stock and Trans-Hatteras stock samples 
indicated that there was less distance between those samples 
than between the Chesapeake Bay sample and either of the two 
proposed stock samples. This suggests that the two proposed 
stocks are more similar to each other than either of them 
are to the Chesapeake Bay sample.
29
DISCUSSION
The purpose of this study is to provide information 
regarding the stock structure of the P. dentatus population 
in support of the ongoing efforts of State and Federal 
fishery managers to develop a management regime for this 
important commercial species. To date, the Atlantic States 
Marine Fishery Commission (ASMFC) has developed a Fishery 
Management Plan for Summer Flounder that recognizes the 
contribution of only one stock to the fisheries of the 
MAB (Scarlett, 1982). Primary objectives of the plan are to 
promote optimum yield from the fishery and reduce the chance 
of recruitment failure in a manner that is equitable to 
major recreational and commercial users. The operative 
means proposed by the Plan to achieve its stated objectives 
is a 14 (35.56 cm) inch minimum size limit throughout the 
range of the species and/or a 5.5 inch (13.97 cm) minimum 
mesh size on trawl gear. Although the plan is non-binding, 
five of the nine ASMFC member states have currently adopted 
its provisions.
The finding of the present study of a highly significant 
difference (P = 0.0001) between samples representing the two 
proposed stocks based on a comparison of 16 morphometric 
characters contradicts the one-stock assumption of the ASMFC 
Plan and supports the hypothesis that two stocks of £. 
dentatus contribute to the fisheries of the MAB. Tagging 
and ichthyoplankton surveys also support the two stock
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hypothesis (Gilliken, in prep; Smith et al., 1975? Smith, 
1973). Following a spawning migration offshore, one stock 
(Mid-Atlantic) appears to winter near the edge of the 
continental shelf of the MAB and then return in summer to 
coastal and estuarine waters from Cape Cod to Virginia, 
including the Chesapeake Bay. The second, Trans-Hatteras 
stock appears to summer in the Chesapeake Bay and other 
coastal waters of Virginia, Maryland and North Carolina but, 
instead of moving offshore to spawn, migrates south in the 
fall following the coastline at the 20m contour.
Tagging studies (Gilliken, in prep; Murawski, 1970) 
suggest that the proposed Mid-Atlantic and Trans-Hatteras 
stocks may contribute separately to the two most signficant 
directed commercial fisheries for P. dentatus (DuPaul and 
Baker, 1979). Both fisheries occur in late fall and winter 
following the spawning migrations which appear to 
geographically separate these stocks. Smith and Daiber 
(1977) note that, because P. dentatus undergoes fairly rapid 
early development, conditions affecting egg and larval 
transport may minimize mixing between geographic areas of 
spawning. Thus, the findings of the present study, evidence 
regarding migratory and spawning behavior, and the known 
early life history of the species collectively suggest that 
the two largest directed commercial fisheries for P. 
dentatus may be based on separate and at least partially 
reproductively isolated stocks.
Superficially, it may appear that fishery managers are
31
now faced with a contradiction regarding the contribution of 
separate stocks to the commercial summer flounder fisheries 
in the MAB. Indeed, the findings of Ginsburg (1952), Wilk 
et al. (1980) and Smith and Daiber (1977) suggest a simple 
separation north and south of Cape Hatteras. However, 
closer examination of the samples used in these studies 
indicate that many specimens were collected during the time 
of year (summer) when the proposed stocks are thought to be 
mixed in the coastal waters of the MAB, rather than 
separated by their respective fall migrations. Furthermore, 
although the samples used by Van Housen (1984) were 
seasonally adequate, they were of insufficient size to 
clearly test the present two-stock hypothesis. On balance, 
it appears that there is now more evidence to support the 
two-stock hypothesis than the one-stock hypothesis now in 
use.
Far more important to fishery managers is whether 
population dynamics differ between stocks that have been 
otherwise distinguished. The practical application of 
generally accepted principles of fishery management dictate 
that a species be managed uniformly throughout its 
biological or fishery range. In fact, National Standard 3 
of the Magnuson Fishery Conservation and Management Act 
(MFCMA) (16 U.S.C. 301(a)(3)) states that;
"To the extent practicable, an individual stock of
fish shall be managed as a unit throughout its
range, and interrelated stocks of fish shall be
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managed as a unit or _in close coordination.1 
Conversely, if stock population dynamic distinctions are 
documented and not accounted for by managers, management 
strategies are likely to be biologically and/or politically 
invalid. In fact, separate stock management is not unknown. 
The South Atlantic Fishery Management Council and the Gulf 
of Mexico Fishery Management Council manage separate stocks 
of king mackerel (Scomberomorus cavalla) under separate 
management plans. This complex management approach is 
necessary in part due to documented differences in stock 
population dynamics and, in part, due to National Standard 4 
of the MFCMA (16 U.S.C. 301(a)(4)) which states:
"Conservation and management measures...shall be 
fair and equitable to all such fishermen."
The ASMFC Summer Flounder Plan also specifically 
embraces the equity concept in its stated objectives but 
recognizes only one stock. Since evidence suggests that two 
separate stocks contribute to the fisheries of the MAB, the 
potential exists that these stocks exhibit different 
population dynamics. If, for example, the proposed stocks 
differ in size at maturity, uniform management provisions 
such as the ASMFC 14 inch size limit (which is based on an 
estimate of the size at maturity) would be inequitable to 
fishermen that harvest a stock that matures at a smaller 
size than the size at maturity currently assumed by the 
ASMFC. Similarly, if one stock is found to mature at a 
larger size than the size of maturity on which the ASMFC 14
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inch size limit is based, then the potential for recruitment 
overfishing of that stock would exist. Both scenarios 
represent violations of stated ASMFC Summer Flounder Plan 
objectives. Since some evidence suggests that the 
population dynamics of P. dentatus, such as size at 
maturity, may not be uniform throughout the range of the 
species (Chang and Pacheco, 1976? Powell, 1974; Morse, 1981; 
Gilliken, in prep.), a full investigation of the comparative 
population dynamics of the proposed Mid-Atlantic and 
Trans-Hatteras stocks is warranted.
The results of such an investigation would be important 
to the State of Virginia. Results of MANOVA of 16 
morphometric characters in the present study indicate that 
the Chesapeake Bay sample is significantly different from 
samples representing either of the proposed stocks. 
Comparisons of the number of morphometric characters that 
contributed to such differences, either in univariate form 
or regressed on standard length, also failed to provide a 
clear indication of the affinity of the Chesapeake Bay 
sample to either of the proposed stocks. Furthermore, the 
measure of Mahalanobis' Distance was only very slightly 
different between the Chesapeake Bay sample and each of the 
proposed stocks. This evidence suggests that the summer 
population of P. dentatus in the Chesapeake Bay may 
represent a substantial mix of the two proposed stocks.
If the population of P^ . dentatus in the Chesapeake Bay 
during the summer represents a mix of the Mid-Atlantic and
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Trans-Hatteras stocks, then it would be expected that the 
differences found between the two stock samples would be 
greater than the differences between either stock sample and 
the Chesapeake Bay sample. However, the findings of the 
present study indicated that there was a greater similarity 
between the two stock samples than between either stock 
sample and the Chesapeake Bay sample. These results provide 
a confusing contradiction to the known migratory patterns of 
the proposed stocks which suggest that the stocks mix in the 
area of the Chesapeake Bay during the summer (Murawski,
1970; Gilliken, in prep.).
A more quantitative evaluation of the relative 
contribution of the proposed stocks to the Chesapeake Bay 
summer fishery may resolve this conundrum. Such an 
evaluation could best be accomplished through a tagging 
study of P. dentatus taken from the Chesapeake Bay just 
prior to the fall migration. However, it is possible that 
the relative contribution of each of the proposed stocks to 
the Chesapeake Bay summer fishery varies each year based on 
environmental parameters affecting migration patterns, and 
the relative biomass of each stock in any given year; the 
latter being particularly subject to be environmental 
effects on year-class strength and to the level of fishing 
pressure during the winter fisheries. In such a case of 
variable stock composition, management of the stocks 
separately within the Chesapeake Bay may be too complex to 
effect. Instead, prudent conservation and management
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practice would dictate that managers prioritize the 
management of that stock requiring more conservative 
management regulations.
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CONCLUSIONS
Evidence now suggests that two stocks of P. dentatus 
contribute to the fisheries in the MAB. This evidence 
contradicts the one-stock assumption of the current ASMFC 
Fishery Management Plan for summer flounder. However, stock 
separations based on morphometric, meristic and 
electrophoretic comparisons are not by themselves paramount 
to the development or modification of fishery management 
plans. A distinction of consequence to management must be 
found between the population dynamics of the proposed 
Mid-Atlantic and Trans-Hatteras stocks before State and 
Federal fishery managers should seriously consider 
incorporating the two-stock hypothesis into a management 
regime. A comparative investigation of the population 
dynamics of the proposed Trans-Hatteras and Mid-Atlantic 
Stocks is called for. Virginia is presently considering the 
current ASMFC Summer Flounder Management Plan 
recommendations. Further consideration should follow the 
results of such an investigation as well as the results of a 
tagging study to determine the relative contribution of 
these stocks to the summer fisheries of the Chesapeake Bay.
37
SAMPLE
Mid-Atlantic
APPENDIX 1
NMFS STATION LOCATION SAMPLE
NUMBER DATE N W SIZE
251 4/16/81 40°10' 70°16' 1
211 4/12/81 40°16 * 71°00’ 5
214 4/12/81 40°18 * 71°11' 2
215 4/12/81 40°08’ 71°15' 3
213 4/12/81 40°28’ 71°12' 2
216 4/13/81 40°08' 71°30' 2
218 4/13/81 40°21' 71°43' 2
219 4/13/81 40°22' 72°01' 3
198 4/11/81 39°39' 72°13' 1
198 4/11/81 39°46' 72°19' 4
196 4/11/81 39°47' 72°30' 1
225 4/13/81 40°54 * 72°15’ 1
156 4/8/81 39°55 * 73°25' 2
152 4/7/81 40°301 73°49f 1
153 4/7/81 40°281 73°45* 1
154 4/7/81 40°20' 73°541 2
162 4/8/81 39°46 * 74°04 • 24
136 4/2/81 38°55 * 74°51' 4
137 4/2/81 38°55 * 74°43’ 2
138 4/2/81 38°50 * 74°43 * 2
135 4/1/81 38°42* 74°49' 1
134 4/1/81 38°39' 75°01' 6
133 4/1/81 38°33' 75°001 5
132 4/1/81 38°24 * 75°00' 21
1 3/19/81 37°061 74°35' 3
2 3/19/81 36°58 * 74°44' 6
3 3/19/81 36°47 * 74°45' 6
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SAMPLE
NMFS STATION 
NUMBER DATE
LOCATION 
N W
SAMPLE
SIZE
Mid-Atlantic Stock 4 3/19/81 36°35* 74°43' 1
5 3/19/81 36°18 * 74°48 * 3
8 3/20/81 36°o2' 74°54' 13
10 3/20/81 35°51* 74°50' 1
11 3/20/81 35°441 75°55* 2
12 3/20/81 35°42 * 75°05' 6
95 3/29/81 37o03* 75°05r 2
114 3/31/81 38°11' 74°50' 3
115 3/31/81 38°01* 74°41' 10
116 3/31/81 37°51' 74°35’ 4
117 3/31/81 37°49' 74°37 * 5
118 3/31/81 37°49’ 74°31' 4
119 3/31/81 37°34 * 74°37' 1
120 3/31/81 37°31' 74°42* 5
125 4/1/81 38°03 * 74°00' 4
126 4/1/81 38°00 * 74°01' 1
127 4/1/81 38°03' 74°15f 15
128 4/1/81 38°16' 74°11* 3
172 4/9/81 39°08 * 73°55 * 2
Trans-Hatteras Stock 80 3/27/81 35°22' 75°19f 3
81 3/27/81 35°33' 75°17' 11
82 3/27/81 35°36‘ 75°22' 3
83 3/27/81 35°39* 75°27* 14
84 3/27/81 35°56' 75°30* 2
86 3/27/81 36°12' 75°45* 11
88 3/27/81 36°24' 75°44’ 4
89 3/27/81 36°31* 75°45' 2
90 3/27/81 36°45' 75°51' 4
92 3/28/81 36°51' 75°56* 5
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SAMPLE
Trans-Hatteras
NMFS STATION LOCATION SAMPLE
NUMBER DATE N W SIZE
97 3/29/81 37°08' 75°35' 1
100 3/30/81 37°14 • 75°431 10
102 3/30/81 36°22‘ 75°28’ 4
103 3/30/81 31041• 75°33' 31
104 3/30/81 37°40' 75°30' 3
14 3/20/81 35°10• 75°31* 7
15 3/20/81 35°08' 75°35' 6
17 3/21/81 35°07' 75°50 * 21
18 3/21/81 35°01' 75°52' 5
19 3/21/81 35°02' 75°58' 6
20 3/21/81 35°01' 76°02’ 2
22 3/21/81 34°55' 76°04' 1
25 3/21/81 34°44' 76°16' 10
26 3/21/81 34°45* 76°21' 2
77 3/26/81 34°46 * 75°44' 1
78 3/26/81 34°51' 75°41* 1
79 3/27/81 35°16' 75°30 * 12
28 3/21/81 34°23 * 76°31* 1
29 3/21/81 34°29' 76°30l 1
30 3/21/81 34°37' 76°33' 2
31 3/21/81 34°34* 76°37 ’ 4
33 3/21/81 34°19* 76°471 5
34 3/22/81 34°081 76°551 1
35 3/22/81 34°251 77°00 * 3
39 3/22/81 34°18* 77°30’ 1
42 3/22/81 34°11' 77°20' 2
45 3/23/81 33°48' 78°00’ 7
46 3/23/81 33°511 78°04• 3
47 3/23/81 33°53' 78°08' 7
68 3/26/81 33°54' 76°471 5
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APPENDIX 2
Morphometries 
(in milimeters)
MID-ATLANTIC STOCK SAMPLE
Mean Std. Dev. Range Minimum Maximum N
TL 2982.828 1071.299 5830.0 1400 7230 198
SL 2459.419 913.338 4910.0 1140 6050 198
BD 1083.116 425.564 2325.0 485 2810 198
BW 210.955 97.951 470.0 80 550 198
MX 278.540 109.494 582.0 128 710 198
PR 488.318 186.166 995.0 230 1225 198
OP 637.702 239.234 1335.0 300 1635 198
AD 123.818 50.719 270.0 55 325 198
AV 117.414 50.363 268.0 52 320 198
I 37.217 23.332 137.0 8 145 198
DL 119.308 36.061 193.0 65 258 198
DW 94.914 29.713 155.0 50 205 198
VL 128.753 36.974 205.0 70 275 198
VW 103.323 31.393 170.0 60 230 198
DB 85.520 30.534 155.0 45 200 198
VB 737.444 280.160 1560.0 370 1930 198
Mean
TRANS-HATTERAS STOCK 
Std. Dev. Range
SAMPLE
Minimum Maximum N
TL 2294.140 662.192 3900.0 1350 5250 215
SL 1872.326 561.339 3320.0 1100 4420 215
BD 817.377 256.557 1510.0 450 1960 215
BW 148.544 56.585 307.0 78 385 215
MX 212.591 65.773 410.0 125 535 215
PR 375.274 110.963 660.0 225 885 215
OP 491.642 143.794 865.0 295 1160 215
AD 92.419 29.240 167.0 58 225 215
AV 87.293 29.536 178.0 50 228 215
I 22.837 12.267 75.0 10 85 215
DL 98.842 22.972 155.0 60 215 215
DW 83.274 18.054 112.0 48 160 215
VL 110.800 24.075 160.0 70 230 215
VW 87.842 20.742 138.0 52 190 215
DB 69.326 19.554 120.0 40 160 215
VB 564.693 160.576 965.0 330 1295 215
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CHESAPEAKE BAY SAMPLE
Mean Std. Dev. Range Minimum Maximum N
TL 2635.297 1042.222 4930.0 1400 6330 202
SL 2174.233 884.736 4255.0 1115 5370 202
BD 948.931 396.795 1968.0 472 2440 202
BW 192.282 95.929 539.0 81 620 202
MX 247.876 105.420 510.0 120 630 202
PR 436.203 179.983 893.0 212 1105 202
OP 572.594 232.014 1145.0 280 1425 202
AD 108.158 47.450 233.0 52 285 202
AV 105.144 46.947 230.0 50 280 202
I 31.436 20.461 110.0 10 120 202
DL 112.460 34.392 167.0 68 235 202
DW 92.762 26.342 132.0 58 190 202
VL 123.233 36.015 168.0 72 240 202
VW 97.054 31.723 152.0 58 210 202
DB 79.817 30.588 152.0 40 192 202
VB 632.822 252.311 1210.0 330 1540 202
N198
198
198
198
198
198
N
215
215
215
215
215
215
N
202
202
202
202
202
202
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APPENDIX 3 
Meristics 
MID-ATLANTIC STOCK SAMPLE 
Mean Std. Dev. Range Minimum Maximum
5.717 .669 3.0 4 7
16.288 1.004 6.0 13 19
88.808 3.307 29.0 70 99
68.495 2.892 27.0 62 89
11.005 .159 2.0 10 12
28.434 .555 3.0 27 30
TRANS-HATTERAS STOCK SAMPLE 
Mean Std. Dev. Range Minimum Maximum
5.595 .618 3.0 4 7
16.428 .983 4.0 14 18
88.791 2.956 27.0 70 97
68.507 2.626 27.0 62 89
11.014 .152 2.0 10 12
28.381 .550 4.0 26 30
CHESAPEAKE BAY SAMPLE
Mean Std. Dev. Range Minimum Maximum
5.678 .556 3.0 4 7
16.327 .973 5.0 14 19
89.149 2.461 14.0 81 95
68.955 2.756 32.0 64 96
11.000 .200 3.0 9 12
28.347 .797 10.0 20 30
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